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ABSTRACT

The present study aimed at analyzing the antifouling activity of the red pigment of Serratia
marcescens obtained from MTCC. The pigment was formed under stationary growth
conditions at an optimum temperature of 28°C. It was extracted using standard procedure

Keywords and alarge quantity of pigment (1047.82 units/cell) was obtained. The absorbance maxima
of the pigment was found to be at 534 nm, with acidified methanol as blank. This

Serratia characteristic peak confirmed the presence of red pigment, prodigiosin. The extracted
marcescens: pigment was applied over steel and wood pieces which were immersed in marine water,
Microbial ’ inoculated with the fouling organisms viz., Saphylococcus aureus, Escherichia coli and
pigments; Pseudomonas aeru_gi nosa. After a period of 7 days, the biofil_m was scraped off from the
Anti- surfaces and colonies were enumerated. The number of colonies on pigment coated wood
. . and steel were compared with those of methanol coated wood and steel, and analysed
Bl(_)f(_)ullng statistically. The statistical analysis revealed that the biofilm organisms have more affinity
activity; towards wood surface as it is rougher than that of steel. The average number of bacteria
Staphylococcus  settled on wood is ten times more than that of steel. There was significant difference in the
aureus, reduction of bacterial count when the substrate was coated with prodigiosin, when
Escherichia compared to methanol and control pieces of wood and substrate. The inhibitory activity of
coli the pigment was more efficient against Gram positive bacteria than for Gram negative
and bacteria. The pigment was also tested for its antifouling activity against the above marine
Pseudomonas fouling organisms by agar well diffusion method. The pigment exhibited good inhibitory
aeruginosa. action against Staphylococcus aureus than Escherichia coli and Pseudomonas aeruginosa.

The red pigment inhibited Staphyl ococcus aureus with a minimum zone diameter of 17 mm
at a concentration of 50 pul, and maximum zone diameter of 20 mm at a concentration of
150 pl. Escherichia coli showed a minimum zone of 11 mm at 50 pl pigment concentration,
while 15 mm zone diameter was recorded with 150 ul pigment. Pseudomonas aeruginosa
showed a constant diameter of 13 mm at all concentrations of the pigment. The present
study showed that the prodigiosin pigment was found to act as a good antifoulant

I ntroduction

and zooplanktons. The microorganisms in
biofilm synthesize and secrete a protective
matrix that attaches the biofilm firmly to a

Biofilms ae complex and dynamic,
heterogenous microbial communities containing
bacteria, fungi, algae, phytoplanktons
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living or non-living surface (Stoodley et
al., 2002). They are ubiquitous on damp
and aguatic surfaces in al types of
extreme environments. Biofilms are a
major concern in nosocomial infections. In
aquatic environments, biofouling is a
natural process of colonization of
submerged surfaces and biofilm formation
is a key step during marine biofouling,
which leads to maor economic and
ecological losses. It is one of the mgor
unsolved problems currently affecting the
shipping industry and industrial aquatic
processes. It has been observed in many
fields ranging from ship hulls, boat hulls,
oil, automobile, steel, paper production,
food and beverage industries to water
desdlination, drinking water treatment,
storage and distribution (Flemming, 2002;
Henderson, 2010).

Fouling occurs by two types of organisms
such as microfoulers (bacteria, algae and
protozoa) and macrofoulers (barnacles,
mussels, bryozoans and tube worms).
Worldwide, over 400 marine organisms
cause fouling problems. Bacteria are
among the first organisms to foul surfaces
(Rao et al., 2005). They form biofilms
which is complex and three dimensional in
nature and serve as a focus for the
attachment and growth of other organisms,
such as invertebrates, sessile plants and
animals (Davis et al., 1989 ; Stoodley et
al., 2002.

Pathogenic bacteria like Vibrio cholerae,
Pseudomonas aeruginosa, Pseudomonas
fluorescens, Bacillus cereus, Escherichia
coli, Streptomyces sp., Myxococcus,
Microbacterium, Saphylococcus aureus,
Vibrio parahemolyticus, Proteus vulgaris,
Proteus mirabilis, Listeria monocytogenes,
Salmonella enteritidis, Klebsiella
pneumoniae, Micrococcus luteus etc. are
found to be marine biofouling species.
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Algae like Ulva lactuca, Synechococcus
are aso involved.

Antifouling is generally defined as a
method of preventing the accumulation of
fouling organisms. Antifouling strategies
should be done by proper process analysis,
integrated and holistic approaches. Most
antifouling techniques have relied on
organotin (tributyltin) or heavy metal
(copper, zinc) based paints that act as
broad spectrum toxins to target and non-
target marine organisms. However, these
toxic organometal and heavy metd
compounds lead to serious environmental
problems at concentrations as low as sub-
parts per billion, and their use is restricted
due to their environmental damage.
Natural antifoulants have been proposed as
one of the best replacement options for the
most successful antifouling agent, tri-n-
butyl tin. A variety of natural products
with antifouling activities have been
isolated from different marine organisms,
including marine bacteria, algae, sponge,
coral, bryozoa, ascidian and marine plants
(Armstrong et al., 2000).

Apart from the antifouling compounds
from marine sources, other antimicrobial
agents could also be experimented on their
antifouling activity. Marine bacteria,
however, are attractive to researchers
because they can potentialy produce

compounds with unique biological
properties. Until now, marine
Sreptomyces  sp., Pseudomonas  sp.,

Pseudoalteromonas sp. Bacillus  sp.,
Vibrio sp. and Cytophaga sp. isolated
from seawater, sediments, algae, and
marine invertebrates are known to produce
bioactive agents. They are able to produce
indole  derivatives  (quinones  and
violacein), akaoids (prodiginines and
tambjamines), polyenes, macrolides,
peptides, and terpenoids. There are many
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pigmented microorganisms and their
pigments have antimicrobial activity.
These pigments could also be incorporated
into antifouling coatings in ships and
marine equipments.

Among the various pigment producing
microbes, Serratia marcescens has been
the main focus of this study, as it produces
a well-characterized pigment, Prodigiosin.
Serratia marcescens is characterized by its
ability to produce the red pigment
prodigiosin (Khanafari et al., 2006).
Serratia sp. have occupied different
habitats such as water, surface of plants,
animals and insects, soil and hospitalized
patients. Serratia sp. are both chromogenic
and non - chromogenic. Chromogenic
species are usualy isolated from the
environment from water, soil, plants or
insects. The non chromogenic ones are a
real hospital threat and are human
pathogens. An environmental isolate of
S.marcescens was found to be antagonistic
against many fungal species like,
Alternaria alternate, Curvularia sp.,
Aspergillus niger, Fusarium oxysporum
and Helminthosporium sp. (Parani and
Saha, 2009).

The red pigment, Prodigiosin (5[(3-
methoxy - 5 - pyrrol - 2- ylidene- pyrrol-2-
ylidene) -methyl] -2- methyl-3- pentyl-
1Hpyrrole) is a secondary metabolite
alkaloid with a unique tripyrrole chemical
structure. It has three rings forming a
pyrrolylpyrromethane skeleton with a C-4
methoxy group, a molecular formula
CxoH2N3z and a molecular weight of
32344 Da (Haris e al., 2004
Williamson et al., 2006). S. marcescens
being facultative, the pigment is produced
under both aerobic and anaerobic
conditions. Prodigiosin is a promising
drug owing to its reported characteristics
of having antibacterial, anti-fungal, anti-
neoplastic, anti-proliferative, anti-oxidant
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and anti-malarial activity (Anita et al.,
2006).

The colored pigment of Serratia
marcescens is sensitive to UV but it could
be modified by addition to marine paints
and coatings. The pigment being active
against many pathogenic bacteria, it could
reduce the fouling effects of marine
bacteria. In the present study an attempt
has been done to evaluate the antifouling
activity of prodigiosin pigment and to
establish its efficiency as a good
antifoulant.

Materialsand M ethods

Serratia marcescens was obtained from
Microbia Type Culture Collection
(MTCC), Chandigarh with ID no. MTCC
8708. The organism was procured as a
lyophilized form in a glass vial and it was
revived The vial was stored in deep freezer
at - 20°C until use. The organism was
revived using nutrient broth and nutrient
agar. After incubation, the plates and tubes
were observed for the growth of
pigmented bacteria. To confirm the
morphology of Serratia marcescens,
Gram’s staining method was performed.
The smear was observed for the presence
of Gram negative bacilli.

Extraction of pigment

Serratia marcescens was cultured in 2%
peanut seed medium (Giri et al., 2004).
Peanut seeds were finely powdered and 1g
was added to 50 ml distilled water in a250
ml Erylenmeyer flask. In this way, one
litre medium was prepared. The pH was
adjusted to 7.0. The medium was sterilized
a 121°C and 5% broth culture was
inoculated. The medium was incubated for
3 days under static condition at 28°C for
obtaining high amounts of pigment.
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The extraction procedure was followed as
per the method of Williams et al.
1955.The pigment was extracted by
adding 4 volumes of acetone to the cell
suspension. The acetone mixture was
shaken for 3 hrs at room temperature, and
then centrifuged. The sedimented cell
debris was washed twice by resuspending
in 50 ml of acetone, shaking for 30 min
followed by centrifugation. The washings
were combined with the supernatant from
the origina centrifugation, and the
solution was filtered. Pigment was
extracted from small portions of the
filtrate by mixing thoroughly 1 volume of
the acetone solution with 2 volumes of
petroleum ether in a separatory funnel.
The separating funnel was shaken
vigorously for 10 — 15 min. The pigment
was extracted in the petroleum ether
phase.

This petroleum ether layer was poured in a
petri dish and kept at 30 - 40°C in order to
evaporate the solvent completely. 2 ml of
acidified methanol was added and the
pigment was scraped off from the petridish
and stored in a screw capped tube.

Presumptivetest for prodigiosin

The culture broth was centrifuged at 4500
rpm for 15 mins. 10 ml of 95% methanol
was added to the cel pellet and
centrifuged under the same condition.
Debris was removed and the 2ml of the
supernatant was taken in two test tubes.
The content of one of the test tube was
acidified with a drop of concentrated HCI
and the other akalinized with a drop of
concentrated ammonia solution. The tubes
were observed for color change to red or
pink colour in the acidified solution and a
yellow or tan color in the alkaline solution.
This gives a positive presumptive test for
prodigiosin (Gerber and Lechevdlier,
1976).
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Spectral analysis and Estimation of
prodigiosin

Spectral analysis was made on dried
pigment extracted by the above method by
dissolving acidified ethanol (96ml ethanol
and 4ml HCI) (Williams et al., 1955).
Spectral analysis was made on a UV-
Visible spectrophotometer and the extract
was scanned in the range of 400 — 700 nm
to find out the maximum absorption
spectra. Acidified ethanol was used as a
blank.

The bacterial cell absorbance of the
culture broth was measured at 620 nm.
The relative concentration of prodigiosin
produced by liquid grown cultures was
quantified as follows: 1 ml sample was
harvested by centrifugation at 13,000 rpm
for 5 min. The supernatant was discarded
and the pellet resuspended in acidified
ethanol (4% 1 M HCI in ethanol) to extract
prodigiosin from the cells. Cell debris was
removed by a second centrifugation step
and the supernatant transferred to a cuvette
for measurement of absorbance at 534 nm
(Slater et al., 2003).

Prodigiosin unit/cell = ([ODsz4 — (1.381 x
ODsé20)]) X 1000/ODg2o

where, OD - Optical density;
ODs34 — Pigment absorbance ;
ODg0 — Bacterial cell absorbance
1.381 — Constant

Biofilm development

The formation of biofilm was studied
under  laboratory  conditions.  The
biofouling  organisms used were
Saphylococcus aureus MTCC 3160,
Escherichia coli MTCC 9537, and clinica
isolate of Pseudomonas aeruginosa
obtained from pus culture. Sea water was
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sterilized and 500 ml was poured into 3
separate beakers. The number of cells of
the indicator organisms were adjusted to
2.8 x 10° cells/ml which was confirmed by
obtaining OD value using a colorimeter at
600 nm. 1 ml of each indicator organism
was inoculated in the corresponding
beaker.

Preparation of biofilm substrate and
bacterial enumeration

The substrate used for testing biofilm
formation was taken to be stainless steel
sheets and wooden blocks. These
substrates were sterilized at 121°C. The
dimension of stainless sheet sheet and
wooden blocks was 2” x 2”. The methanol
extract of the pigment was added with 1ml
linseed oil which acts as a pigment binder.
The pigment was applied onto the steel
and wood pieces and left for drying.
Controls for wood and steel were prepared
without applying pigment. Methanol
added with linseed oil was applied onto
wood and steel to compare the effect of
methanol and pigment on antifouling
activity. 3 wooden pieces (control,
pigment applied wood and methanol
applied wood) and 3 stainless steel pieces
(control, pigment applied steel and
methanol applied steel) were immersed
into each of the beakers containing sea
water. The setup was left a room
temperature for a period of 7 days for the
formation of biofilm. At the end of the 7"
day, the samples were taken from the sea
water and viable bacterial count was
performed.

The biofilm from wood and steel pieces
were scraped off using a sterile spatula
into 100 ml of sterile saline to make
master dilution. For each sample, for each
substrate and for each organism, seria
dilution was done in sterile saline tubes.
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10-fold dilution was performed by adding
1ml from master dilution to 9 ml of sterile
saline. The dilution was done upto 10°°.

Bacterial enumeration was done by spread
plate method. Nutrient agar plates were
prepared and 0.1 ml of sample from
dilutions 10 and 10 were spread using a
flame sterilized glass rod. This procedure
was followed for each organism, each
substrate and for each sample. All the
plates were incubated at 37°C for 24 hrs.
Enumeration of viable organisms was
carried and the average bacterial counts
were recorded. The experiments were
conducted in duplicates.

The total number of colony forming units
was found out by the formula:

No.of cfu/ml of master dilution = No. of
colonies counted x dilution factor/VVolume
of sample

Antifouling activity of Prodigiosin

Antibacterial assays against 3 fouling
organisms viz., Staphyloccus aureus,
Escherichia coli and Pseudomonas
aeruginosa was performed by the standard
agar well diffusion method. The crude
methanol extract of pigment was filter
sterilized. A 3 —hr culture of the indicator
organisms were swabbed as lawn culture
in the Mueller Hinton agar plate. Wells of
6mm diameter were cut and wells were
added with different concentrations (50pl,
100ul and 200ul) of prodigiosin pigment.
Also, control plates with different
concentrations of methanol were prepared.

The plates were incubated at 37°C for 24
hrs. The plates were observed for zone of
inhibition and the zones were measured.
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Results and Discussion

The nutrient broth showed uniform red
pigmentation throughout. The
pigmentation increased day by day and
reached a maximum at the 39 day of
incubation. The nutrient agar plate showed
round, medium sized, smooth, opagque,
convex abundant red pigment producing
colonies. The culture was identified to be
Gram negative small bacilli. There was no
presence of contaminating organisms. By
microscopic observation, it was confirmed
that the lyophilized culture was a pure
culture of Serratia marcescens. The
inoculated peanut seed broth was observed
for pigment production and it showed
increase in the production of pigment day
by day. At the 3 day, deep pink color was
observed. The pigment extraction with
petroleum ether using a separatory funnel
is shown in Figure 1. After drying of the
extracted pigment, the plate showed good
amounts of the red pigment deposits which
was scraped off using acidified methanol
and 10 ml was stored in screw capped
tube. The dried pigment is shown in
Figure 2.

Presumptivetest for prodigiosin

On addition of 1drop of concentrated HCI
to the methanol extract of pigment and to
the cell free supernatant of the nutrient
broth culture, the color changed to deep
red and pink respectively. When
concentrated ammonia solution was added
to methanol extract and cell free
supernatant, there was a color change to
yellow and tan respectively. This showed a
positive presumptive test for prodigiosin.

Spectral analysis and estimation of
pigment

The pigment dissolved in acidified ethanol
showed a characteristic peak at 534 nm
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under UV-Vis spectrophotometer analysis.
The absorption maxima of the pigment
was found to be at 534 nm with a reading
of 0.558. The bacterial cell absorbance
was found to be 0.23 a ODey. The
absorbance maxima of prodigiosin is
shown in Figure 3.

The prodigiosin was estimated with the
formula:

Prodigiosin unit/cell

= ([OD534 - (1381 X ODGZO)]) X 1000/OD520
= {0.558- (1.381 x 0.23)} X 1000/0.23
=1047.82

Hence, the prodigiosin was estimated to be
1047.82 unit/cell.

Estimation of viable count of the fouling
organisms

At the end of the 7" day, the substrates
were removed from the marine water and
enumeration of bacteria was done. The
number of colonies in pigmented coated
substrates were counted in the plates and
compared with those in control and
methanol coated substrates. There was a
difference in the number of colonies
formed in controls, methanol coated and
pigment coated wood and steel. The
experimental setup for biofilm formation
has been depicted in Figure 4.

Paired student’s T-test was used to analyse
and compare the data for significant
difference in the mean values of cell
numbers. There was significant difference
in the reduction of colony forming units in
pigment coated substrates when compared
to controls. The control and methanol
coated substrates could be considered one
and the same as the mean values showed
no significant differences.



Int.J.Curr.Microbiol.App.Sci (2014) 3(5): 712-725

Fig. 1 Extraction of prodigiosin through separatory funnel

Fig.2 Prodigiosin pigment dried on petri plates after pigment extraction
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Fig.3 UV —Vis spectrophotometric analysis of prodigiosin showing peak at 534 nm

UV-Vis Spectrophotometric analysis of prodigiosin
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The pigment coated wood and steel was
found to significantly reduce the adhesion
of the biofouling organisms. This has been
depicted in the two-talled T- test
performed. This shows that the effect of
pigment application has reduced the
number of biofilm forming bacteria
considerably. The mean number of colony
forming units was estimated for wood and
stedl surface separately and values are
shown in Table 1 and Table 2 respectively.

In comparison with wood, the organisms
have less adhesion towards steel. This was
shown by the reduction in colonies in the
steel by afactor of 10. The possible reason
could be that the surface of sted is
smoother than that of wood. It could be
concluded from the statistical analysis that
it is the action of the pigment that
inhibited the attachment of biofilm
forming bacteria rather than methanol. It
can aso be inferred that the pigment
prodigiosin has inhibitory activity against
the marine fouling pathogenic organisms.

Antifouling activity of prodigiosin

Zones of inhibition were observed around
the well. The zones were measured and it
showed that Staphylococcus aureus was
inhibited with a maximum zone of 17 mm
at a minimum pigment concentration of 50
ul. Pseudomonas aeruginosa showed the
minimum zone of 13 mm and Escherichia
coli showed 11 mm zone of inhibition.
Methanol concentration of 50, 100, 150 pl
did not have any inhibition against
Saphylococcus aureus and Escherichia
coli. The maximum zone of inhibition was
found in 150 pl of pigment and
Saphylococcus aureus showed 20 mm
diameter zone, followed by Escherichia
coli with 15 mm. The results of the
antifouling activity are given in Table 3
and Figure 5.
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It was thus proved from the result that it
was not the action of methanol that
inhibited the bacterial growth but the
activity was due to the pigment
prodigiosin.

The present study was aimed at finding an
aternative solution to the problem of
marine biofouling, a serious problem faced
by maritime industries ( Abarzua et al.,
1999). This leads to a great economic loss
worldwide. Asthe red pigment prodigiosin
of Serratia marcescens has been reported
to have an extensive therapeutic potential
against many pathogenic bacteria, it was
used to study the antifouling effect in
marine environment. The pigment used in
this study is a well dried, crude acetone
extract which has been dissolved in
acidified methanol. The antifouling
activity was carried out using the crude
pigment.

The pigment producing organism chosen
for the study was Serratia marcescens
because, the chromogenic strains are non-
pathogenic and only the non-chromogenic
biotypes are opportunistic pathogens.
Many works have been published on the
pigmentation of Serratia marcescens and
on its wide applications. Someya et al.,
(2001) used the prodigiosin as a biocontrol
agent against harmful marine algae. The
pigment is also found to be agicidal.
There ae many other prodigiosin

producing  organisms like  Vibrio
psychroerythrus, Rugamonas,
Pseudomonas magnesiorubra,

Streptomyces etc., but according to the
literature, Serratia marcescens has been
extensively exploited for prodigiosin
pigment studies. Furstner, (2003) has
reported that Serratia marcescens are the
major producers of prodigiosin. Therefore,
Serratia marcescens and its pigment has
been the focus of this study.
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Table.1 Comparison of average (mean = S.D) of cell numbersin control, methanol coated
and pigment coated wood for S. aureus, E. coli and P. aeruginosa

Samples
Organism Control M ethanal Pigment
Mean +SD’ Mean +SD’ Mean +SD°
Saureus 54.00+£2.00 54.00+2.00 18+2.00
E.cali 116.33+6.50 120.00+2.00 21.33+0.57
P.aeruginosa 161.33+4.50 137.33+1.52 23.00+£1.00

* - S.D denotes Standard Deviation

Inferences of Paired Student’s T-test for wood:

(8 Thereisno significant difference in the mean values (mean + S.D) of control and
methanol coated wood in the case of S. aureus and E. coli at the level P <0.05

(b) Therewas statistically significant reduction in the colony forming units of pigment coated
wood when compared with control wood for al the three bacteriaat P < 0.05

(c) P. aeruginosa showed significant difference in the mean values of pigment coated wood
when compared to control and methanol at P < 0.05

Table.2 Comparison of average (mean = S.D) of cell numbersin control, methanol
and pigment coated stedl for S. aureus, E. coli and P. aeruginosa

coated

Samples
Organism Control M ethanol Pigment
Mean +SD’ Mean +SD’ Mean +SD’
Saureus 31.00+£1.00 33.33+0.57 1.66+1.15
E.coli 34.33+1.52 31.00+4.00 4.66+2.51
P.aeruginosa 36.66+2.51 14.00£1.00 7.66+1.52

- S.D denotes Standard Deviation
Inferences of Paired Student’s T-test for steel:
(a) In accordance with the paired Student’s T-test, the mean values of control and methanol
coated steel showed no significant difference in case of Escherichia coli at P < 0.05
(b) The pigment coated wood showed a significant reduction in the colony forming units
when compared to control at P < 0.05

Table.3 Antifouling activity of pigment extract and methanol - A comparison
for different organisms

Zone of inhibition in mm
Organism M ethanal Pigment extract
50ul 100ul 150ul 50ul 100ul 150ul
Saureus - - - 17.00 18.00 20.00
E.coli - - - 11.00 13.50 15.00
P.aeruginosa 11.00 11.00 13.00 13.00 13.00 13.00
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Fig.5 Comparison of zone of inhibition of different organisms
compared with control and pigment

25 4
£
E 20 .
£
=
2 15 7 -
)
€ 10 1
G
g 54
o
~N

0 |

S.aureus E.coli
Organism

Antifouling activity of pigment extract and methanol -
A comparison

P.aeruginosa

® Methanol 50ml

® Methanol 100ml

m Methanol 150ml
W Pigment extract 50ml
B Pigment extract 100ml

® Pigment extract 150ml

Serratia marcescens was obtained from
Microbial Type Culture Collection
(MTCC) and it was found to produce
abundant red pigment in nutrient agar
plates. Ananda Priya et al. (2013) used
marine isolate of Serratia marcescens for
antifouling studies of the pigment. Serratia
marcescens have also been isolated from
many niches like water pipes (Gulani et
al., 2012), farm soil (Kamble and
Hiwarale, 2012), air ( Mohammed Hussain
Bharmal, 2012) and coastal areas
(Nakashimaet al., 2005). Different medias
have been employed for the pigment
production in Serratia marcescens. 2%
powdered peanut seed broth was used so
asto obtain large amounts of pigment. Giri
et al. (2004) used peanut seed broth and
obtained 38.75 mg/ml prodigiosin after 36
hrs of incubation and thus reported that,
this medium gave the maximum
prodigiosin yield compared to al the
medias used till now. The least quantity of
pigment, 0.5 mg/ml was obtained in
nutrient broth. Next to the peanut seed
broth, sesame seed broth gave 16.68
mg/ml prodigiosin. Jungdon et al. (2001)
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used dextrose broth with casein and
obtained 13 mg/ml of pigment.

The temperature employed for pigment
production was 28°C. The strain did not
produce pigment at 37°C in nutrient broth.
However, in peanut seed broth, incubation
a 37°C did not affect the pigment
production athough the vyied was
decreased. Shahitha and Poornima (2012)
reported that even at 37°C, pigment
production was observed in peanut broth
but it was amost equal to the pigment
produced in nutrient broth at 28°C.

The presumptive color test for prodigiosin
showed positive result in accordance with
that of Ding and Williams, (1983). The
pigment changes color in acidic and
alkaline conditions. The prodigiosin at the
end of 3 days was estimated to be 1047.82
units per cell. Makhael and Y ousif (2009)
reported that a strain of Serratia
marcescens isolated from milk produced
330.35 units per cell of prodigiosin with
peanut seed medium after 72 hrs of
incubation. The production of pigment
increases gradually upto 72 hrs but ceases
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after 92 hrs of incubation. Prodigiosin can
exist in two distinct forms, depending
upon the hydrogen ion concentration of
the solution. In an acid medium the
pigment is red and exhibits a sharp
spectral peak at 535 nm. In an akaline
medium the pigment is colored orange-
yellow and possesses a broader spectra
curve centered at 470 nm as reported by
Williams et al. (1955).

The prodigiosin pigment showed a
characteristic peak at 534 nm in acidified
ethanol. This was in accordance with the
result of Sundaramoorthy et al. (2009).
Mohammed Hussain Bharmal, (2012) also
reported a peak of 534 nm in acidified
ethanol. So it was confirmed that the
pigment was extracted and it corresponds
to prodigiosin in this study. The absorption
maxima differed upon different blanks and
extraction methods. There are reports on
absorption maxima at 499 nm by Kamble
and Hiwarale, (2012). Priya et al. (2013)
reported a peak of 531nm in 95% ethanol
and a single peak absorbance in methanol
at 535nm (Giri et al., 2004 ; Pradeep et al .,
2012).

Shikuma and Hadfield, (2010) reported
that E. coli occurred in relatively high
abundances in marine biofilms . The mean
biofilm abundances of E. coli ranged from
6.43 (SD, 8.99) to 1.25 x 10° (SD, 1.28 x
10°) genome copies cm?  while
abundances in the water-column ranged
from 2.3 x 10™ (SD, 2.0 x 10%) to 1.4 x
10" (SD, 1.8 x 10% genome copies ml™.
Mayavu et al. (2009) have reported that
Pseudomonas aeruginosa, Bacillus, E.
coli, Staphylococcus aureus, Proteus
vulgaris are the pathogens that are found
in marine biofilm. Therefore, in this study
the pigment activity was tested against
these pathogens.

Saphylococcus aureus showed maximum
inhibition of 17 mm a the least
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concentration of the pigment (50 ul) and
Escherichia coli showed inhibition of 11
mm at the same concentration. There was
a difference in the zone of inhibition of
methanol and pigment. This shows that it
Is the activity of the pigment that inhibited
the organisms but not the action of
methanol. Gulani et al. (2012) showed the
activity of prodigiosin against
Saphylococcus aureus with 17.5 mm
diameter zone.

The statistical data of paired T-test showed
the comparison among the controls,
methanol coated and pigment coated
substrates. There was a significant
difference in the pattern of inhibition of
Saphylococcus aureus, Escherichia coli
and Pseudomonas aeruginosa by the
pigment. The biofilm count decreased
significantly in pigment coated substrates
when compared with controls. The
methanol coated substrates showed more
or less similar colony counts like that of
control and also the difference in colony
count was statistically insignificant.

The results obtained using prodigiosin
against biofouling showed the broad
antibacterial potentials of the red pigment
and are in agreement with the previous
literature, which revealed the inhibitory
effect of prodigiosin against both Gram-
positive and Gram-negative bacteria
(Mekhael and Yousif, 2009 ; Samrot et al.,
2011). Mekhael and Yousif, (2009) have
shown higher inhibitory effect of
prodigiosins  against Gram-positive
bacteria than Gram-negative bacteria. In
the present study Saphylococcus aureus
showed higher zone of inhibition than
Escherichia coli and Pseudomonas.
Samrot et al. (2011) reported that ethanol:
HCl extract of Serratia has antibacterial
activity and its zone of inhibition was
higher against both Gram-negative (E. coli
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and Pseudomonas sp.) and Gram-positive
(S aureus) bacteria.

It is known that the antibacterial activity of
prodigiosin is the result of their potentia
to pass through the outer membrane and to
their capacity for inhibiting target DNA
modulating enzymes, such as DNA gyrase
and topoisomerase 1V, which inhibit the
cell growth (Berlanaga and Vinas, 2000).
Since, the antibacterial activity of a
compound may depend on the destruction
of the structure or the inhibition of
metabolic reaction in a microorganism, it
seems that the presence and the level of
the antibacterial activity of the red
pigment varied significantly with the type
of fouling bacteria used. Further, the red
pigment caused growth inhibition, and it
suggests that the red pigment, prodigiosin
of Serratia marcescens is an effective
antifouling agent. Further studies could be
done to purify the pigment and to
incorporate in antifouling coatings and
paints to inhibit or delay the formation of
biofilm. The prodigiosin being actively
inhibitory to Gram positive and Gram
negative organisms could be studied for its
anti-algal activity to prevent biofilms by
agae in future studies.
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